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Annual Meeting 
American Welding Society 

The Annual Meeting of the Amer- 
ican Welding Society will be held in 
the Engineering Societies Building, 
New York, April 24 to 26. 

Considerable attention is being 
given by the Meetings and Papers 
Committee to insure a large program 
of technical papers of widespread in- 
terest. In order to ascertain the 
preference of the entire membership 
of the Society as to the type of pa- 
pers wanted, a card has been sent to 
all the members asking them to indi- 
cate such preference and to list sub- 
jects which they desire to have dis- 
cussed at the Annual Meeting. 

Meetings of several important com- 
mittees of the Society and the Amer- 
ican Bureau of Welding will be held 
at this time, including Pressure Ves- 
sels, Structural Steel and the Amer- 
ican Bureau of Welding. The Annual 
Dinner of the Society will be held on 
Thursday evening, April 25. Those 
who attended the last annual dinner 
can attest to the popularity of this 
event. Some novel features of enter- 
tainment will be introduced. 

The complete program of the An- 
nual Meeting will be published in the 
March issue of the JOURNAL. 





Bound Volumes Journal 


The Bound Volumes of the JOURNAL 
for the year 1928 are now ready. 
This volume includes about 1300 
printed pages and contains a Subject 
and Authors’ Index. It is bound in 
attractive black leather cover. Mem- 
bers may obtain copies at $5.00 per 
ir Non-members at $10.00 per 
volume, 


Detroit Engineering Society 


_ The national headquarters have 
been advised by the Detroit Engineer- 
ng Society that a recent ruling will 
ermit members in good standing of 


national engineering societies, includ- 
ing the American Welding Society, to 
make application for membership in 
the Detroit Engineering Society with- 
out payment of initiation fee. Among 
the societies included in this list are: 

American Society of Civil Engi- 
neers. 

American Association of Heating & 
Ventilating Engineers. 

American Society of Mechanical 
Engineers. 

American Society of Refrigerating 
Engineers. 

American Institute of Architects. 

American Institute of Electrical 
Engineers. 

American Institute of Mining En- 
gineers. 

Illuminating Engineering Society. 

American Railway Engineering As- 
sociation. 

Society of Automotive Engineers. 

The Society of American Military 
Engineers. 

Engineering Institute of Canada. 

Association of Iron and Steel Elec- 
trical Engineers. 

American Welding Society. 





American Society for Testing 
Materials Standards 


The American Society for Testing 
Materials has just issued a bulletin 
giving an Index to A.S.T.M. Stand- 
ards and Tentative Standards as of 
Sept. 1, 1928. The number of these 
Standards and Tentative Standards 
has increased to about 548, so that a 
complete Index seemed desirable. 
Copies of these Standards may be ob- 
tained from the A.S.T.M. by writing 
to their headquarters at 1315 Spruce 
Street, Philadelphia, Pa. 





Inspecting Welding 


(Reprinted from Jan. 10, 1929, issue of 
Engineering News-Record) 
Sir—I notice with interest your 


editorial on “Welding Inspection” in 
3 
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the issue of Dec. 27, and as a contri- 
bution to the information on the sub- 
ject of practical methods of inspection 
of welding, particularly in the field, [ 
wish to say that our experience, 
which has probably been as extensive 
as most, has taught us: 

First, that it is quite essential that 
the inspectors have some experience 
in welding with the various methods. 

Second, that before proceeding with 
the actual work there should be some 
preliminary welds made and tested to 
develop whether the actual work when 
it starts can be produced or dupli- 
cated in the manner in which the 
best of the tests develops. 

Third, there should then be welded 
small sample pieces similar in form 
to the parts of the structure which 
are to be erected, these samples to be 
of a size that the inspector can carry 
with him and use for comparison of 
the actual field work. 


THE A. W. S. 


[February 


Fourth, at intervals there should be 
sample welds made in connection with 
the construction which could be de- 
tached and put through tests and ex- 
aminations as a check on the uni- 
formity of the work. 

The foregoing indicates at least 
two things: First, that it is going to 
be some time before there can be any- 
thing like uniform data created which 
would be available for a guide either 
in the formulation of specifications or 
in carrying through the actual work; 
and second, that as in many other im- 
portant engineering functions, the 
human element of the personnel en- 
gaged in the work is, as indicated in 
your editorial, very important. 

W. R. CONARD, 

Conard & Buzby, 
Consultants and Engineers for 
Inspections and Tests of Mate- 
rials. 

Burlington, N. J., Dec. 31, 1928. 


SECTION ACTIVITIES 


Boston 


The February meeting of this Sec- 
tion will be held on the 6th and will 
be in connection with the Affiliated 
Technical Societies of Boston and all 
the societies belonging to that parent 
body. 

The meeting will take the form of 
an annual dinner and luncheon with 
technical sessions in the afternoon. 
The subject will be “Aviation in All 
of Its Aspects.” There will be sev- 
eral prominent speakers and all 
phases of aviation will be discussed, 
and a large turnout is expected. 


Detroit 


A meeting, that will undoubtedly 
develop as one of the outstanding 
welding meetings of the year, will 
be held by the Detroit Section of The 
American Welding Society, at the 
University of Detroit, Saturday, Feb. 
16, 1929. The meeting is being ar- 
ranged for the benefit of engineers, 
architects and students of both pro- 
fessions who are interested in the ap- 
plication of are welding to the erec- 
tion of fabricated steel buildings. The 
meeting will not only include con- 
struction and destruction of test spec- 


imens, but also an illustrated discus- 
sion of the general problem of apply- 
ing arc welding to building erection 
by A. M. Candy, general engineer, 
Westinghouse Electric & Manufactur- 
ing Company. Mr. Candy is very 
prominent in this field of the indus- 
try and is very competent to super- 
vise such a demonstration. Further, 
a moving picture showing the actual 
operation of the arc and the resultant 
— of the metals, will be exhib- 
ited. 

For the convenience of those inter- 
ested, programs will be distributed 
containing all of the pertinent engi- 
neering information relative to the 
particular specimens to be constructed 
and tested. Spaces will be provided 
for recording the results of the tests 
as they take place, and it is hoped 
that a great deal of valuable and 
useful information will be secured, 
illustrating and proving the merits of 
electric welding for structural pur- 
poses. 

Among those directly interested in 
this demonstration meeting and re- 
ceiving cordial invitations to partici- 

ate are the members of the Mich- 
igan Society of Architects, Local Sec- 
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tion of the American Institute of Ar- 
chitects, Engineering Society of 
Michigan, as well as engineers, stu- 
dents, fabricators and contractors in- 
terested in structural arc welding. In 
view of the interest already shown 
by builders, a large attendance is ex- 
pected at the University of Detroit, 
Feb. 16, 1929. 


Philadelphia 


The regular monthly meeting of 
the Philadelphia Section was held on 
Jan. 21. Paul B. Covey, of the Man- 
chester Engineering & Welding Co., 
spoke on “Application of Are Weld- 
ing to the Fabrication of Structural 
Steel and Ornamental Iron Work.” 
This was a very interesting paper 
and a lively discussion followed. 


New York 


The February meeting of the New 
York Section will be given over to 
Aircraft Welding. This meeting will 
be held on the 5th. A paper of un- 
usual interest will be offered at the 
meeting on a subject that is interest- 
ing to every forward looking citizen 
as well as all those who are mechan- 
ically inclined. Harold A. Backus, 
head of the materials department of 
the Curtiss Aeroplane & Motor Co., 
Inc., Garden City, L. I., will speak on 
“Welding in Aircraft.” 


Mr. Backus, who is an authority on 
this subject, represents a company 
that is known to all. Not only is ita 
pioneer manufacturer of American 
aircraft but has long been one of the 
largest and most forward looking or- 
ganizations in this rapidly developing 
field. Mr. Backus will bring a paper 
that will be instructive to those who 
are interested in welding and of value 
also to engineers or laymen who are 
interested in the operation or con- 
struction of aircraft. 


Mr. Backus’ paper will be illus- 
trated with a number of splendid lan- 
tern slides made from photographs 
taken at the Curtiss plant. He will 
also have available actual specimens 
of welded construction, sample welds 
and specimen aircraft joints which 
will be exhibited and explained. 

In addition to this, there will be 
shown three reels of Official United 
States Army Motion Pictures espe- 
cially obtained for this meeting direct 


from the War Department at Wash- 
ington. 


Western New York 


The January meeting of this Sec- 
tion was held on the 22d. This was 
a joint meeting with the American 
Society of Mochanieal Engineers. 
J Lincoln, vice-president of the 
Lincoln Electric Company, spoke on 
“The Effect of Arc Welding on Manu- 
facturing Process.” 

The lecture was made further in- 
teresting by a number of lantern 
slides, also three reels of moving pic- 
tures, all of these showing the various 
applications of arc weldine. particu- 
larly as applied to the fabrication of 
parts, as a portion of the manufactur- 
ing process of a large variety of ar- 
ticles made from steel, which for- 
merly had been made from cast iron; 
pictures and lecture clearly explain- 
ing the enormous saving in manufac- 
turing cost as a result of substituting 
are welding in the place of castings. 


Portland 


The Program Committee of the 
Portland Section has been very active 
and has some very good material 
lined up for coming meetings. 

For February they will have two 
films, one from the Petroleum Iron 
Works of Sharon, Pa., showing heavy 
vessel welding; and the other from 
the National Welding Equinment 
Company of San Francisco, Cal., of 
the Feather River pipe line. 

In March they will show a film pro- 
duced by the Stoody Company of 
Whittier, Cal., of the manufacture 
and use of different welding rods and 
equipment. 

Paul B. Covey, of the Manchester 
Engineering & Welding Company, 
Manchester, N. H., is preparing a 
paper on the welding of ornamental 
iron. This, it is hoped, will be sched- 
uled for April. 

San Francisco 


A joint meeting of the San Fran- 
cisco Section of the A.LE.E. was 
held jointly with the American Soci- 
ety of Civil Engineers, American So- 
ciety of Mechanical Engineers, The 
American Welding Society, and the 
Institute of Architects, on Friday, 
Jan. 25. Professor F. P. McKibben 
spoke on “Electric Welding of Steel 
Buildings and Bridges.” Professor 
McKibben illustrated his talk with 
stereopticon slides. This was a very 
interesting paper on the application 
of electrical power in buildine and 
bridge construction. 
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Large Receiver Pipe Arc-Welded 


J. G. SMEBY+ 


‘+N a large Westinghouse Cross-Compound steam turbine recent}; 
() placed in service, an 82-in. receiver pipe is used to carry 1,600,000 
lb. of steam per hour at forty pounds absolute pressure from the exhaust 
of the high pressure turbine to the inlet of the low pressure turbine 
This pipe was fabricated with the aid of arc-welding. 


Figure 1 shows the receiver pipe on the test floor, where it was su} 
ported on cribbing to carry the load of the water while the pipe was being 
hydrostatically tested. No leaks were found at eighty pounds pressure and 
none have developed in service. 





Fic. 1 §2-IN. Recetver Pipe 


The receiver pipe is made up of two straight sections and two elbow 
In fabricating the elbows, the layout was made on the plate, and mark« 
when flat, then rolled into shape. The longitudinal joint was bolté 
together temporarily at each end and arc-welded the entire length. T! 
butt strap (Fig. 2), was arc-welded in place last, so that no high stress: 
would be set up in the joint. The sections for the elbows were then c 
out along the marked lines with an oxy-acetylene cutting torch. T! 


TWelding Engineer, Westinghouse Electric & Manufacturing Co. 
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reasons for this procedure are: that all the rolling is completed in one 
operation, the welding of the longitudinal joint is done at one time, and 
that it is very difficult to obtain the same curvature when rolling plates 
of irregular shapes. This can be easily demonstrated by attempting to 
roll a half-inch plate with a rectangular hole in it. 


In service, stresses will be set up in the flanges by the expansion and 
contraction of the receiver pipe under various temperature conditions. 
In order to distribute these stresses more evenly the flanges were lap- 
welded in place, as shown in Fig. 3. 


The change of pressure in the receiver pipe may be from 40 lb. absolute 
to 29 1/2 in. vacuum, and takes place almost instantaneously when the 
load is thrown off through some accident such as lightning striking the 
power transmission line, thereby throwing the circuit breakers out. To 
take care of such rapid pressure drops, the receiver pipe must be strong 
enough to prevent collapsing under the sudden vacuum. The first thought 
was to stiffen the pipe by means of rolled I-beam section ‘and weld in 
place. This, however, is very difficult and requires expensive shop equip- 
ment. It was finally decided that the I-beam section should still be used 
for circumferential stiffeners, but that it should be built up as in Fig. 4. 
To build up this section a 3/8-in. thick strap was wrapped around the 
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Fic. 2. Cross SEcTION OF Fic. 3. Cross SECTION OF FG. 4. Cross S8cTION 
LONGITUDINAL JOINT FLANGES OF CIRCUMFERENTIAL Stir- 
FENERS 


receiver pipe and welded in place. The web was made up of six seg- 
ments 1/4 in. thick, and welded in place. The outer strap was also 
3/8 in. thick. This method of construction was found to be a cheap and 
effective means of fabricating the circumferential stiffeners. 


One receiver pipe of this diameter and construction is now in use and 
has given excellent service, and another of similar characteristics is 
being furnished for a unit now in course of erection. It is interesting 
to know that the first receiver pipe was installed without alteration or 
even the necessity of springing it in place. 
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The Construction of an Overhead Monorail Con- 
veyor by Use of the Arc Welding Process 


JOSEPH W. MEADOWCROFT+ 


HiS writeup deals with the are welding method employed in the 
fabrication and installation of structural steel members which go to 
make up a standard type of overhead, monorail conveyor. 


The use of conveyors of the type hereinafter described is of recent 
design and development. The process vf arc welding this type of equip- 





Fig. 1. 
FOR SUPPORTING THE MONORAIL. 
THESE PARTS ARE TEMPORARILY HELD ToGETHER BY MEANS oF Seven (7) “C” CLAMPS 


SHOWS THE SeTruP FoR WELDING ONE OF THE STRUCTURAL STeBL HANGERS 
THis Unit 1s Composep or Srx (6) PARTS AND ALI 


AND ALL PARTS ARE SHOWN SETUP AND CLAMPED Ready FoR THE ARC WELDING 


OPERATION 


ment has been used from the very first installation ever made completely 
in our plant and for this reason, no actual comparison has been made 
between the cost of the are welding method vs. the riveted method which 
all conveyor builders, in our experience, have used almost exclusively in 
work of this nature. 


The engineers who design this type of equipment and follow the fabrica- 
tion and installation, show considerable savings by the use of the arc 





tAsst. Works Manager, Edw. G. Budd Manufacturing Co 
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velding operation. Installations of similar character, when riveted to- 
gether, and built by outside concerns, have cost the company practically 
twice as much as equipment designed, built and installed by the company, 
ind as all such work placed through outside firms is subject to keen com- 
petition, it is considered to be very unlikley that there would be 100 per 
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2. SHows a CLOSEUP View orf THE Top or ONE orf THE CONVEYOR FRAMEWORK 
COLUMNS. THE STRUCTURAL STEEL MEMBERS EMPLOYED IN THE CONSTRUCTION OF THIS 
‘OLUMN TOP ARE THE CHANNEL OR UPRIGHT Prece, AN ANGLE AND BorLeR PLATE Top 

PIEce 





ent profit to any outside firm making such installations. In fact, several 
nvestigations of the costs of such work by outside concerns have revealed 
that their profit in some cases was only about 5 per cent and in one case 
§ conveyor building concern made practically no profit. 


From these statements, every indication can be taken that the arc 
elding method of fabrication of structural steel effects a considerable 
iving over riveting, and in addition, provides a stronger and more re- 
ible finished product, and the reason for some of the economies of this 
ethod will be readily understood by those who have had experience in 
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the building of such equipment by a careful study of the photograp! : | 
which picture the progress of this conveyor installation. aa 
tne 
wo 
tap 


One of the big savings from a labor standpoint, also from the absolut 
absence of liability to errors, is the fact that there is no laying out, drillin; 
or punching and matching up of rivet holes in the various members 
which the structure is composed. The absence of this one feature effect 
an economy also in the field, as there is no temporary bolting togeth 











Fic, 3. SHOWS THE FABRICATION OF ONE OF THE Sprocker CaGcps, IN THE Co» 

STRUCTION OF WHICH THB SAME PROCEDURE OF CLAMPING TOGBTHER OF THE VARIO 

MEMBERS OF WHICH THE CAGE IS COMPOSED HAS BEEN FOLLOWED IN THE SAMBP Ma 
NER AS PREVIOUSLY DESCRIBED 


In our experience, when constructing a framework of this type, we have found 
most desirable to do a small amount of welding in one location and then immediat: 
do a small amount of welding on another section of the structure as distantly locat 
from the previously welded location as possible, thereby preventing possible distort 
on account of throwing a large amount of heat at a concentrated point or loca! 
and allowing the remainder of the mass to be at an atmospheric temperature. 

The squareness and parallelism of this nearly finished structure is readily discerni! 
by sighting along the various uprights and longitudinal members of which it 
composed, 








of the various members, nor the lining up and reaming of rivet hol 
in the various members of the structure. In the are welding method, th 
chief requisite is to have all parts which go to make up the convey: 
structure, cut to an aecurate length only, and also to adhere to the spe 
ification that the various component structural steel parts be straig! 
and flat and true. 
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When these last mentioned features are rigidly adhered to, the fabricat- 
ing of the structure is a very simple procedure and generally requires 
the services of but two men. The only tools and equipment which these 
workmen require are the regulation measuring devices, such as scales, 
tapes, straight-edges, squares and a goodly supply of “C” clamps and, 








ric. 4. SHows a CLOseuP or THE COMPLETELY ASSEMBLED MONORAIL STRUCTURE WITH 

ROLLEYS AND CONVEYOR CHAIN. THI8 Virw ALSO SHows THE MeTHop oF SPLICING 

HE UPPER AND Lowpr HALVES OF THE VERTICAL M®eMBERS OF THE MONORAIL HANGER 

\FTER THE SAMB HaD BEEN SHORTENED, IN ORDER TO SUIT THE DIFFERENCE IN CEILING 

{nIGHTS BETWEEN ITs PRESENT LOCATION AND THE LOCATION WHERE THE CONVEY 
INSTALLATION WAS ORIGINALLY INTENDED FOR 


‘ 


f course, the welding equipment of generator, rheostats, welding rods, 

holder, ete. With this equipment and the necessary blueprints, the con- 

struction can be started in the field, if necessary. The simplicity of 

the construction from entirely raw material of this type of equipment 
y the are welding method is illustrated in the photographs. 
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The Application of Arc Welding in Production 


Manufacturing * 
A. F. DAvist 


ie: many years casting and riveting have been regarded as the 
fundamental processes for making products of iron and steel. And 
indeed, until the advent of are welding, there were no other feasible 
methods of making the many different iron and steel parts which our 
civilization demands. 


Today, however, a new fundamental manufacturing process must be 
recognized. Are welding, industry’s newest tool, will change manufac- 
turing methods as profoundly as did the substitution of electric motors 
for steam power plants and water wheels. 


In brief, arc welding makes it possible to substitute standard rolled 
steel shapes in the manufacture of parts that were formerly cast. 
Furthermore, arc welding makes possible a stronger and more rigid 
bond between members than is possible by riveted construction. In most 
instances the application of arc welding reduces manufacturing costs. 


These facts are now generally accepted by leading engineers through- 
out the entire world. Yet even today equipment is manufactured where 
casting and riveting are employed, solely because the technique of arc- 
welded design is not generally understood. 


Economic pressure is the force which will eventually cause the adop- 
tion of arc welding in place of casting and riveting just as any better 
method always drives out less efficient methods. 


Until such time as arc welding is generally adopted, there is a real 
opportunity for profit for the first manufacturer in any line who adopts 
are welding since he can offer to his customers a better product and 
usually a product produced at a lower cost. 


It is with the desire to assist those manufacturers who are contemplat- 
ing the redesign of their product to take advantage of arc-welded con- 
struction, that this paper is addressed. 


Who Will Be Affected By Redesigning for Arc Welding? 


Any change as radical as this one under discussion will affect every 
department in the manufacturing enterprise. 


First of all, the designers and draftsmen must be educated in this 
method of joining metal. They must learn to resolve complete parts into 
their components and to determine how rolled steel shapes can be utilized 
to build up structures of the desired form. But even before this, they 


*Abstract of a pamphlet published as a supplement to book, “Are Welding—the 
New Age in Iron and Steel,” by Lincoln Electric Co. 


+Vice-President, Lincoln Electric Co. 
12 
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nust accept the fact that properly made arc-welded joints are as strong 
ind as dependable as the steel in the members joined. 

The machine shop and the assembly departments will be affected, and 
perhaps to some extent disturbed, by the adoption of arc welding. 
Usually, the amount of machining is greatly reduced by arc-welded 
design. Assembly time, likewise, is reduced by this method although 
sometimes more skilled labor is required. 

The amount of pattern and foundry work will be, of course, greatly 
curtailed since practically every cast part can be made of rolled steel 


sections. 





Fic. 14° 
frame constructed entirely of standard steel shapes by means of arc welding 
This is a production job 
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The purchasing department and the accounting department will feel 
the change, particularly because it is possible to operate on a smalle: 
inventory of raw material and semi-finished parts. Immediate delivery 
can usually be obtained on rolled steel, whereas it has been necessary t: 
anticipate requirements for castings by weeks or months. 


The sales department is always interested in any changes which affect 
selling price and appearance. In some instances the sales manager ma) 
anticipate greater sales resistance to an arc-welded product. This might 
have been the case five or even two years ago, but today the public is 
coming to accept electric arc welding as synonymous with great strength 


Fic. 2 
Special machinery is constructed with marked economy by means of arc welding. The 
illustration shows the frame for a coke pusher. The arc-welded construction is far 


more rigid than the conventional riveted design. Further, the design is greatly simpli- 
fled by welding 
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Fic. 3 


Miscellaneous machine parts made by arc welding. These parts cost far less to make 
than equivalent castings or forgings. Furthermore, they can be made in a fraction of 
time since no patterns or dies are required 
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Turn to the advertising pages of any trade journal in the metal work- 
ing field and note the number of products that are arc-welded. Note 
also in how many cases the manufacturer calls attention to the fact that 
the arc-welding process is used. 


An arc-welded product is a superior product and should be sold on this 
basis. Fortunately it is true that arc welding permits of many economies 
in manufacturing so that a better product is obtained at a lower cost. 





Fic. 4 


Even the main drive gear of 

this concrete mixer is built of 

are-welded steel. Note also the 

pedestals for supporting the 
bearings. 


What Parts Should be Redesigned First? 


There are two ways of looking upon the arc-welding process in produc- 
tion manufacturing. First, are welding may be regarded as an adjunct 
to present methods of joining metals. Second, arc welding can be re- 
garded as a fundamental manufacturing method to be considered in the 
original design. 


Most manufacturers who started with the first idea are rapidly coming 
to the second viewpoint, and indeed it is in the complete redesign of 
products formerly designed for casting or riveting that the greatest 
profits are realized. 


In adopting are welding as a manufacturing tool the first step is to 
determine what parts should be redesigned. There are three classes of 
parts which should be scrutinized to find where it is best to begin. These 
are; 





Sul 
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1. Parts that, because of their form, require a large amount of pat- 
terns and expensive foundry work or, in other words, parts where the 
pattern cost is large in comparison with the total cost. 

2. Parts that give difficulty in casting or machining. This classification 
includes parts that give trouble in use because of breakage or wear. 





3. Parts that self-evidently lend themselves to the substitution of steel 
such as bases for direct-connected units, stands, brackets. braces. etc. 


Above all, the parts first selected for redesign should be simple. The 
hange over from iron to steel requires thought and experience. Weld- 
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Fic. 5 
: The main base, sub-base, gear 
) guard and motor on this ma- 
‘ chine are built of arc-welded 

steel 





Fic. 6 
design of this machinery base is uneconomical because too much welding is 
employed. A better design is illustrated by Fig. 12 
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ing technique is not learned in a day, although it is based on plain 
common-sense principles. 


After the part to be redesigned has been decided upon, then the design 
is to be made. Here is a place where previous experience with cast 
structures is a great handicap rather than a help. Most castings ar 
made in the shapes finally evolved, not because the stresses have been 
computed mathematically but because experience has shown that addi- 
tional metal is needed here and there to overcome difficulties that occur in 
manufacture or operation. 


Shrinkage cracks, for instance, show up at a certain point and the 
casting is altered to correct this. The part may warp after machining 
and the design is changed to overcome this difficulty. Breakage in oper- 
ation or shipping will necessitate heavier sections at certain points. All 





Fic. 7 
Are welding permits the use of tubular braces which are particularly efficient 
resisting torsional strains 
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_Container.& Cover 
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For convenience in discussing the problem of redesigning for are welding, all parts 
e classified as bases, covers, containers or wheels. See text for explanation of this 


classification 





Fic. 9 
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Fic. 10 


Bases for direct-connected units are particularly suited for arc-welded construct 
the 


Both old and new type bases are shown here. The arc-welded base cost $4 and 
east iron base cost $12 
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Fig. 11 
This is the recommended design for a machinery base where units are 
to be mounted at the same level 
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these factors and others contribute to the final design which is the result 
if experience. 





This design may have little or no relation to the actual structural re- 
quirements as determined by the load to be carried or the work to be : 
done. : 


In arc-welded steel construction begin your design by first determining 
what the loads, or the duty requirements, for part will be. Then design 
the structure, using the lightest and simplest standard structural steel 
shapes that can be obtained. 


4 Don’t be perturbed if the final appearance of the design as evolved 
3 by this straight ahead method is different from its former appearance. 
After all, sound economical design creates its own beauty. The stage- 
‘coach and the full-rigged clipper ship were regarded as beautiful when 
they were the best available design, but today we think of them. as 
t clumsy and absurd when compared with the motor car and the ocean 
liner. Your customers will not refuse to accept new designs if the 
design is an improvement over the old. 





The deep fillets and flowing curves that characterize cast construction 
and which in the past we have come to asssociate with beauty of design, 
were not adopted primarily for the sake of appearance. Manufacturing 








Fig. 12 
lads or bosses machined to the : 
proper height are easily welded 

in place 







Fig. 13 
or small units a base made 
rom a length of standard chan- 
el is both light and rigid. Lugs 
rt holding-down bolts are arc- 
welded as shown 
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Fic. 14 
This dynamometer base is con 
pletely arc-welded 
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Two methods of building up parts of bases where different 
elevations are required } 
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\ifficulties—the problem of drawing the pattern out of the sand—dictated 
the appearance. Arc welding, because of its different technique, is 
creating its new standards of beauty. 


We mentioned above that arc-welded design is usually more economical 
than the older methods. This may not be true at the first attempt toward 
redesign. It is well to keep accurate cost records on experimental work. 
If the cost of the new design is about the same as the old on the first : 
model built it is probable that subsequent parts will show a considerable 
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Fig. 16 
An arc-welded base with an irregular shape and with 
sections at different heights 


: 
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saving. Additional experience in welded design will suggest short cuts 
which were not thought of at the outset. 


Incidentally, the most common fallacy is to specify too much welding. 
it is surprising how slight modifications in a design will reduce the 


‘mount of welding required without impairing the strength of the 
product. 


A point to be borne in mind is that arc-welded design is in its infancy, 
whereas the technique of casting has been fully developed. Great strides 
an be expected in arc-welded design as more designers and engineers 
vive it the study that it deserves. 


bases, Covers, Containers and Wheels 





For convenience in the following discussion, all parts are classified as 
either bases, covers, containers or wheels. The classification “bases” 


overs all parts the purpose of which is to support weight or resist 
ending. 
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Fic. 17 


oS apes 


Where vertical columns are required, standard steel shapes provide great rigidity wi 
light weight 
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“Containers” are those parts designed to enclose or to resist internal 
pressure. 


“Covers” are those parts which are used to close openings and which 


are not primarily designed to resist bending or to withstand pressure. 


The classification “wheels” is self-explanatory. 


A little thought will show that these four classifications are logical and 
that any part will fall into one or more of these subdivisions. 


How to Redesign Bases 


At least two-thirds (by weight) of all parts now made of castings or 
if riveted steel are bases. 
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Fic. 18 
Standard steel angles lend themselves 
readily to construction of this sort 
‘ j i 
' i | 
| , j 
i iL j 
Fic. 19 


A vertical column made by 

arc welding together two 

standard channels. Base and 

cover plates are of rolled 
plate 
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Fic. 20 


A special machine for banding motor armatures, Practically no castings wer 


his machine. There was no pattern expense to be charged against thi 








21 


FIG. 





Special machine built entirely of ar« welded steel 
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Very often the base is the best part to start to redesign as it repre- 
ents the largest and most important part of a machine. 

A base that has the parts to be supported in a straight line and at 
the same level is a very simple proposition in welded steel. It is only 
necessary to cut the proper structural shapes to length and to join the 
nds by are welding. Channels, I-beams or H-sections are sometimes 

ed, but angles are usually the best because of the facility with which 






































Fic. 22-A Fig. 22 


thods of providing an oil trough around the bottom of arc-welded steel bases 

















FIG 


1 be saved in the construction of very 


illustrated here 


an be joined by welding. Cross braces of structural shapes or of 
‘ will give added stiffness if required. 


simple base of this sort is illustrated in Fig. 11. Holes for the 
r-down bolts are drilled through the angles at the ends. 


Where it is necessary to have a part of the base higher than the rest, 

extra elevation can be added by welding pads or bosses of bar stock. 

iter elevation is required, a piece of channel or a complete addi- 
‘ional base can be welded in place. (See Fig. 15, A and B.) 


W the base must be of irregular shape and of different heights, the 
‘cheral rule to follow is to make the largest possible base of the highest 
08S uniform height and then to weld additional bases to the main 
ase. Fig. 16 makes this method clear. 

Che foregoing description covers bases for any sort of direct-connected 

t ch as motor-generator sets, pumps, crushers, etc. 

T 


are Other styles of bases which are just as simply designed for 
ed construction. Columns for supporting various machines are 
y made by welding top and bottom plates to I-beams. Holes 
ng-down bolts are drilled through the bottom plates when the 

supported on a floor. Where the column is a part of another 
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FIG. 2o 
are 


Built-up plate girder where 
welding has superseded riveting 
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base, the | beam is arc-welded to the main base by a fillet weld. This 
onstruction is surprisingly rigid. Frequently two channels are welded 
together in the form of a box for columns where extreme resistance to 
twisting strains must be provided. 

- Another method of building up stands is to use an assembly of angles 
as shown in Fig. 18. For the sake of appearance, structures of this sort 
an be built with tapering sides. There are many variations of the 
methods of making stands and, once started, the designer will have little 


ible in modifying these suggestions to meet his own requirements 
to build 


Ordinary flat plate sheared to the proper shape is often used 
pedestals for bearings. This method is sometimes better in appear- 
e, but often the amount of welding is excessive. 
Very often on machine tools it is desirable to provide an oil channel 
ind the base. This is very readily done by welding a small standard 
nnel section as shown in Fig. 22. Another method, used when the 
m is a plate, is to weld a thin sheet around the edge and to turn 
the edge, welding the corners. 
Another class of base that has a wide application is the base that is 
ported at the ends. If this type of base is enlarged, it becomes a 
re, and the same principles of design apply as for a small machinery 
If the distance between supports is great, the cost of steel becomes 
ind methods of saving steel must be considered 
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the rect theoretical shape for a beam t t 5 
hape cannot be rolled commercially 
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Fic. 26- 
Shows how plates can be arc-welded to a standard rolled 
hape to give an approximation of the desired theoretical 


Snape 























Fic. 27 
built-up plate girde Flat stock is used instead of angles fo 
stiffeners 
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Fic. 29 
Are-welded base for truck crane. This base was formerly 
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It is evident that, since the bending tendency increases as the dis- 
nce from the support increases, no standard rolled shape is suitable to 
e maximum stiffness with minimum weight. The correct form for 
h a beam is shown in Fig. 26-B. In this theoretical shape the section 
: the deepest at the center, which is the point where the greatest bend- 
y stress occurs. 
Obviously such a beam cannot be rolled commercially, but standard 
eams can be reinforced by means of arc welding to give equivalent 
ength with light weight. Such a beam is shown in Fig. 26-C. Here 
plates have been welded to the top and bottom flanges of a standard 
d section. 


\nother method in common use for building up beams is shown in 
27. Here stiffeners are welded to the web of a standard rolled sec- 
Note that flat stock is used for stiffeners instead of angles as 











| ty ‘| 


dge construction" is used for very long bases where the support 
must be at the ends 
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would be used in riveted construction. On long beams to carry heavy 
loads, these stiffeners are designed to take the stress directly from th 
upper flange and not through the web. This is done by filling up th: 
irregular space between the rolled flange and the vertical braces wit} : 
weld metal. 





This construction is very simple by arc welding, but expensive and 
weak where riveting is employed. In riveted construction, the angl 
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Trolley frame for a 10-ton 60-foot span overhead traveling crane, b 

the Cleveland Crane & Wngineering Company, Cleveland, Ohio Tr 
trucks and bridge girders are completely are welded 
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ust be 


accurately fitted by grinding the ends to make them conform 
» the shape of the rolled flange. 


When very long beams or “bases” are required, it becomes necessary 
go to bridge construction using are welding for strengthening the 
ams 


s and bringing the parts together as shown in Fig. 30. 
In many cases the designer has to choose between a design where con- 


derable welding is required but where the saving in weight of steel 
; great and a design where less welding but more steel is required. In 
ermining which of the two is the more economical, a balance must be 
ick between the cost of 


material and labor. 











Fig. 34 


ery description are now arc-welded at a great saving over 1 
truction Usually the welding is done by itor 


itic welders 
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Sugge sitions 


The following sugyvestions will be fi 
in mind when redesigning any base: 


pe 


1. When machinery is t 


the web of an I-beam may interfere. 
more convenient. 
£ Do not trv to Op) the looks of the 


you would not be changing it. Design 


requirements and the e 
The 
of 


give the required 


appearanc 
maximum tendency to bend n 


As 
strength and rigi: 


parts 
will 
4. If you do not want to figure the 
weight of steel, this “rule-of-thumb” 
Make the depth of the 
weight half as great. 


a base are joined together. 


me 
the 


steel section 


If the depth 


1S 


THE 


rund helpful and should be 


will tak 


ing 
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drilled or tapped, there is a chance 


1 } 
(nanneis angles 


ol are wu 
old part. If it were not 
the part to meet 1tTS str 
e care of itself 

lay come at a point wher 


tiffener pri 


lity. 


pe rly welded 


necessary depth or sec 
thod will be found satisfa 
same as for cast iron a! 


reased, the weight née 


be more than half the weight of cast iron 
5. Avoid forming and bending wherever possible as these i: 
sts. It will usually be found that the part can be made with 
fabrication, except cutting to lengtl sufficient thought is give 
design. 
6. Use the proper amount of welding to give the strengtl 
Do not feel that every joint must have a continuous welding be 
welds are surprisingly strong. 


ni first 


After the design has been con 
simplify and improve it. Since there 
made easily with little expense. 
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Redesigning for arc welding involve 
problem merits the careful thought 


and 


ipleted you w 


ill find mar 
are no patterns, chai 


-s fundament: 
study of the 
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Oxy-Acetylene Welding in the Aircraft Industry* 
By J. B. JOHNSON+ 


f bye: airplane structure is built up of a large number of parts and 
a rapid, economical method of joining these parts is essential. 
eral mechanical and thermal processes, such as riveting, pinning an¢ 
ting, soldering, brazing and welding, have been advocated by differen 
structors and used with varying degrees of success. The process 
welding has been in competition with these other methods since the 
truction of the first airplanes. The welding on some of the first 


} 
A 
+ 
t 





Rathre Pupture 
B6 85 60 50 61 43 60 63 65 93 89 OI 


t — = —-a_ jos 
— > is 70 

¥ r 
y - 
LX 


“Ly 





T rr ——— 
| 
i! ST 84 79|78 78|78 80 83 a! 84 90 
" 
<——-.--> 
2 
tttor Ritmtyre 


tal fittings was very crude, however, and did not warrant the 
e of the engineers. The application of welding in several in- 
has forced the development of small, light-weight equipment 
| the facilities for distributing raw materials, and produced a 
mechanics who are skilled in handling an oxy-acetylene torch. 
cost of plant equipment and the ease with which joints could 
thin metal without elaborate designs or expensive jigs could 
verlooked by the aircraft industry. The advantages of a rigid 
ramework were recognized and added further impetus to the 
velding. 
tal production of aircraft in this country in 1921 was 302 air- 


1] typical wooden structures In 1927 


These were practically a 
iction was 2353 airplanes, and it has been estimated that this 
production will be from 4500 to 7000 aircraft. The latter figure 
more nearly represents the actual production. Approximately 
will be for the Army and Navy. The remainder are commer- 
raft. Ninety per cent of these modern airplanes will have oxy 
welded steel fuselages, landing chassis, tail skids, and fittings. 





limway Age 
laterials Unit, Wright F 
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Problems Involved in Design 


The factors which have led to the increase in the use of oxy-acetylen 
welding in preference to other methods have been stated. The co. 
fidence of designers and constructors in the reliability of welding evolve: : 
as a result of improvement in design and the eminently satisfactor 
service obtained with the first welded fuselages or bodies. 


The airplane is essentially the product of the engineer and must satis! 
the most exacting requirements as to strength and reliability. Th: 
improvement in design has been brought about by laboratory test 
metallurgical analysis, and the usual process of trial and error. TI 
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simplest type of joint is a splice, joining two parts. The met! 
making these splices in sheet metal has been developed for 

types of engineering structures, and the designer of the airpia) 
simply adopted these methods without much modification. The 
is thin and it.is seldom necessary to bevel the edges. 


/ 


In the case of the thin-walled, seamless, steel tubing, methods 
ing have been developed by the aircraft industry. In Table I a 
from an average of about 50 tests representativ: 
strength of a butt splice. These figures would be different 
combination of data which might be compiled, but the averag 
as given in this table should be obtained by any welder comp 
weld aircraft parts. The minimum and maximum simply repres 
limiting values which are to be expected when testing splices 
by various welders. The tension test does not always show 
weakness of a joint, as the metal close to the weld which ! 
softened by the heat of the welding flame will strain-harde! 


} waln al 
the values taken 


the test and may give a value higher than would be obtained 01 
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oint in compression. This is indicated in Fig. 1 by Rockwell readings 
taken before and after a tension test of a fish-mouth joint. In aircraft 
tructures the members are welded to form a truss (Fig. 8) and the 
: ighest stresses on the principal joints will be compressive. The fish- 
nouth joint has higher strength under compression than the straight 
itt weld, since the softening due to the heat is not localized to the sam« 
xtent 








example of the difference between the strength in tension and 
ression is indicated in the table below, which represents the average 
ee tests on butt-welded joints. The compression test was made by 
the welded specimen as a short column with the base of the 
at one edge of the welded seam. The column collapsed DY local 
adjacent to the opposite edge of the welded seam about one-half 
om the point of support 


tension specimens were pulled in the usual way by gripping both 
the specimen and pulling with the weld in the middle of the 
en. The tubes used in making the above tests were plain carbo 


s steel tubes containing 0.25 per cent carbon. 


, In. re re See , l a n. Wal 
ompressive strength, lb. per sq. in.. ; 18.690 
tensile stress, lb. per sq. i0 , 60,960 


weld can be considerably strengthened in both tension and 
sion by incorporating it in a T joint, and in this case the butt 
| have a strength comparable to the fish-mouth joint. This 
ening may be due to the vertical leg of the T or to lugs 


n as terminals for wire tension members, 1 to 4, in Fig. 2. 
joints shown in Fig. 2 represent* designs which have been used 
rily. In case the vertical strut is heavily loaded it is advisable 


lescoping tube inside the horizontal member to reinforce the 
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joint and prevent local collapse. This is especially important at point 
where landing gear struts or center section struts are attached. 


The tension lugs indicated in 2, Fig. 2, will invariably either te 
away the wall of the tube or shear at the pin hole, rather than brea! 
in the welded joint, provided the lug itself is properly designed to bré 
the wire tension member. The length of the welded seam should n 
be decreased by undercutting the lug so that it makes an acute ang 
with the tube, as shown at dotted line A. When a thin sheet is us 
for the lug and the thickness of the lug is built up by means of a wa 








or similar device in order to give sufficient bearing for the ci 
it is advisable to increase the length of the welded seam, as 
dotted line B, Fig. 2. This latter scheme sometimes obviates 
at the edge of the lug. It is a neater design not to have the 
the lug fit into the corner miade by the vertical and horizor 
Slotting the vertical tube and making the lugs from one piec: 











29] WELDING IN AIRCRAFT INDUSTRY 


1? 


re cost and is unnecessary. The lug may also be made of a thin piece 
sheet metal bent flat on itself with the bend on the outside and th 


vo legs flared out and welded to the tube. 


[fubular members for tension wires, 3, Fig. 2, are used occasionally. 
necessitate the use of piano wire which has been practically super 
ded mm this country by cold rolled or cold-swaged tie roads and tandal 


ends. 





i 2, will practically always develop the 


int represented in 4, Fig. 


sile strength of all three members If, however, the number 
oined into a cluster of this type are increased, some of the welds 


to be defective because of the strains caused by the expansior 
ntraction of the several components on the application of the heat 
ary in order properly to fuse the previously welded seams so as 
ten on another member. Fig. 10 represents a cluste twelve 
vo of which failed in tension during a sand load test 


of Splicing Tubes of Different Diameters 


eldom necessary to make a splice in a longitudinal memb« 
the two parts are of the same diameter. Methods of splicing 
lifferent diameter are shown in Fig. 2, 
give a joint of 100 per cent efficiency for the smaller member 
scoping members should project into the tube from 1 in. te 
he parts should be thoroughly fused together and a few beads 
g metal projecting on the inside of the tube is often a sign of! 


n. A welded seam which simply stuck on to the outer surfacs 


and these methods will 
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WELDING IN AIRCRAFT INDUSTRY 
f a tube will not develop the full strength of the members in the joint 
The results of tests on unreinforced joints in which one member tel 
scopes over the other and the fillet seam is at right angles to the 
f the tube indicate lower strength than for a plain butt 
ndividual results are mort 


tne 


axis 

weld. The 
Lil fu 
SKllil Irom 


iperior L¢ 


erratic, and in testing a welder’s 


results on a tension test specimen, this type of weld is 


he straight butt weld. 


} 


» and Sheet Metal Joint 


rr} 
| ne 


A 


snNeet 


extensive welding oT n 


metal parts to tubul: 
na more recent developn ent 








' ; 
More failures have be x] 
Hi 
improper design of the ombination o e ani n meta! 
in of a joint in which all of its component parts were tubes o1 
No. 9, Fig. 2, illustrates the method of making a butt weld of 
rectly to a tube. The welded 


seam should be of ficient length 
the metal close to the weld will not be stressed 
strength of the material in the 


In tne lug when in the 
For 0.26 per cent car! 


and for 


sufh 


beyond the 


annealed con 
on steel, this may be taken as 50,000 Ib 
chrome-mol 


vybdenum steel as 80,000 lb. per sq. in 
ese values, the edge of the lug in contact with the tube will b 
length so that the welded seam will hav« 


adequate 


made with a low carbon 


re Ct 


weld 


ng wire. 


rtain precaution however, which 


snould € llowed 

f pull (a) on the lug should not fall outside the edge of the 

a couple is produced which will tend to tear the end of the 

from the tube. In case there is any bending load on the lug 
uld be experienced at a strut point due t 


o flexure in-the 
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or due to the actual side load, the tube should be slotted and 


ing seams in shear 


TABLE I—VALUES TAKEN FROM AN AVERAGE OF 50 TESTS REPRESE? 
rHE STRENGTH OF A BUTT SPLIC! 


CARBON STEEI 


( .20 to .30 
rensile Strength, Yield Point, Klongat 
Lb. per Sq. In Lb. per Sq. In Per ( 
(a) 62,000 32.000 
(b) 15,000 21.000 
(c) 51,000 26,000 2, 
(a) 61,000 35,000 
(b) 51.000 25.000 
(c) 56,000 35,000 


CHROME-MOLYBDENUM STEEL 


C, .25—.35; Cr, .80—1.10; Mo, .25 

ensile Strength, Yield Point, Flongat 

Lb. per Sq. In Lb. per Sq. In P 

(a) 103,200 68.800 

(b) 79,100 50,160 

(c) 88.150 57,61 0 

(a) 112,000 80.000 

(b) 91,000 51.000 

(c) 101,000 69,000 

Elongation represents actual limiting values and does not 

figures for tensile strengtl 


(a) Maximum. 
(b) Minimum. 
(c) Average (40 to 50 specimens) 


TABLE II—TENSION AND COMPRESSION TESTS ON BuTT W 


Size of tube, in. Tahaten icnoA g 

Ultimate compressive strength, lb. per sq. in 

Ultimate tensile stress, lb. per sq. it 

Minimum letter width Wes Pe ; 

WRG Che RED nace nd cc cca wesces —— ..1/6 
Minimum space betweeen letters . mane 1/4 
Approximate length of sign .. cites ....-Height of letter 


number of lett 


The application of the above principles can best be show: 
analysis of successful and unsuccessful designs. The use of a 
combines shear and tension is illustrated in Fig. 3. This 
stressed wing fitting and is a good example of a weld di 
combines light weight and rigidity without the sacrifice of 


It is generally assumed that a fitting built of solid s! 
stronger. than one which has been reinforced by weld 


the 
should be prolonged so that it will pass through the tube as shown 
the dotted line in 9 and 10, Fig. 2. It is a good general rule not to 
a welded seam in simple tension, but to distribute the load by 


Supp 





yd 
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vhen subjected to vibration. It is interesting to note the tests on two 
pes of tension lugs (Fig. 4). Lug No. 1 was made of sheet metal 
125 in. thick. Lug No. 2 was made of sheet metal 0.087 in, thick with 
washer welded on to increase the bearing area at the pin hole. The 
ests were made in a special jig attached to an Upton-Lewis fatigue 
achine. The lug was rigidly bolted at the base and the free end of 
he pin hole was vibrated while under a tensile load of 840 lb. The 
mplitude of vibration and the number of cycles to failure are given 
soth fittings broke through the pin hole, but the more flexible welded 
ting, in spite of the fact that it was of thinner material, gave a longe1 


he concentration of stresses at the juncture of a light and heavy 


the design of a welded structure. 
was satisfactory, as indicated by 
macroscopic examination of sections cut through the weld. The 
in the lug was more than four times the thickness of the wall 
tube. The failure occurred through fatigue in the tubular member 
vas due to the design which permitted concentration of stresses at 
incture between a thin-walled tube and a heavy fitting. The failure 
axle tube, Fig. 6, may be 


ion must be carefully avoided in 


weld on the landing gear, Fig. 5, 


ascribed to the strains set up in weld- 
thin-walled tube to a heavy forging. The natural expansion and 


+ 


ion was restrained by the rivets. Long tapered joints should 
ed to distribute the stresses over a large area. The upper end of 


tube, Fig. 7, is a good example. An accurate stress analysis 
mplicated welded fitting is sometimes impossible, and in 
the fitting should be 


ucture. 


sucn 


thoroughly tested before being incorporated 


properties of the principal ferrous materials employed for welded 
aircraft are given in Table III. Medium carbon steel is prefer- 


[I—THE PROPERTIES OF THE PRINCIPAL FERROUS MATERIALS U 


SED FOR 
WELDED AIRCRAFT PARTS 


Physical Properties Welded Forms 
é Yield Elongation 
gth Point, in 2 In., 
Sq.In. Lb.perSq.In. Per Cent 
24,000 35 Water jackets, exhaust stacks, 


miscellaneous, unstressed parts. 


36.000 2 Fittings, lugs. 
Annealed— Tail skids and miscellaneous parts 
to resist abrasion. 
100,000 10-over 14 Lugs, fittings. 


5-under 4 
100.000 15-over 14 Fittings, lugs. 
10-% to % 


6-under 3 


80,000 Fittings, lugs. 

36,000 22 Structural parts; axles. 

60,000 10 Structural parts; axles (often heat- 
treated). 

100.000 12 


2 Structural parts; axles (use 
ited). 
Welding generally done before heat treatment. 


lim- 


neat treatment 
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able to low carbon steel, in that it requires less cold-working in the 
final rolling or drawing operation to obtain the physical properties 
specified, and as a result a higher tensile strength is retained after the 
steel is subjected to the heat of the welding torch. 


Chrome-molybdenum steel has air-hardening properties and the rapid 
cooling of thin sections in air promotes a strength and toughness at the 
welded joint which are lacking in the carbon steel. The use of chrome 
molybdenum alloy steels in both the form of sheet and tube is increasing 
rapidly, due to this desirable characteristic. Several grades of welding 





wire containing less than 0.18 per cent carbon, 0.60 per cent Mang 
0.040 per cent sulphur and phosphorus have been uniformly sati 
A carbon content of less than 0.10 per cent is preferred by most 
With thin material the thickness of the deposited metal is genera 
50 to 100 per cent greater than the base metal and therefore t! 
strength in the seam is sufficient without the use of alloy ste 
rod. Experiments with butt welds made with vanadium and 
molybdenum welding rods and tested in a rotating beam ma 
dicate no superiority in the fatigue resistance of the seams Nn 
the alloy steel wire. All specimens broke in the middle o 
formed by the deposited metal 


The fuselage ind other large welded structures are no! 
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otherwise heat-treated at the joints. There is a pronounced change in 
metallographic structure between the deposited metal and the part ad- 
jacent to it. This probably represents an undesirable condition, but 
it is questionable whether it has a detrimental effect on the serviceability 
f the joint. The annealing of a tubular joint would tend to anneal 
the members at a distance from the weld, with a corresponding reduc- 
tion in yield point, which would reduce the load-carrying capacity of 
the tube as a short column 





A TuBE CLUSTER SHOWING THE CHARACTRR OF THE FAILUR 


heat treatment of welded parts by quenching and tempering i: 

) increase the tensile strength and thus permit the use of higher 

is being done to a considerable extent. Sub-assemblies whos¢ 

ents are highly stressed members in the fuselage supporting 

ng gear or engine bearers may be heat-treated and subsequentl) 

into the fuselage structure. The material in the joint imm« 
idjacent to the seam will be softened, but the other parts of the 
tru will retain the full strength obtained by heat treatment. 
Su nblies similar in design to Sections A and B of the front section 
tt elage, Fig. 8, are heat-treated to develop a tensile strength 
0 lb. per sq. in. before being attached to the structure. The 

n in Fig. 7 represents a type of welded joint which can be 

rily quenched and drawn without cracking to develop a unit 
00,000 Ib. per sq. in. The welded tail skid assembly, Fig. 9, 

reated to develop a tensile strength of 180,000 Ib. per sq. in 
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The oxy-acetylene welding 


of aircraft parts does not requirs 
if extraordinary skill. A 


welder 
accustomed to welding heavy sec 
ions will have difficulty at first, but a careful selection of the correct 


welding tip and a short period of training on simple joints are sufficient. 
The quality of a welder’s workmanship should be checked b 
ind ductility test specimens prepared at frequent intervals 


mecnanic 


y tensil 
The speci 
ens may be in the form of plain butt or fillet welds and also longi 
idinal seam welds. 

The assembling of small parts for individual fittings and 


the larger 
mponents of the structur: 


‘ 
is done in jigs, such as shown in Figs. 11 





The various pieces are cut to size. The ends of the 1 
etal are machined square and filed free from burrs and feather 
The surfaces are cl 


i@aned of! 


Ine and 


f paint, scale and other 
The pieces are clamped in jigs and tack-welded. The 
several seams are welded is 


4 


foreign 


sequence 


important, and changing the orde) 
minate cracking and distortion. A small torch which can be 

rners is most useful, and tips, drill sizes No. 71, 68 and 58 
sed for metal up to ! 


s in. thick. Tips with drill sizes No. 55, 


») 
are better suited for work on thicker sheets. tubes. machined 
forgings. As a welder becomes more skillful he iy ise a 
and work faster. 


ding time on an airplane will be from a minimum of 100 hr. 
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on a small single seat plane to 2000 or more hours on 


a large transport 
or cargo airplane 


Repairing a Welded Fuselage Structure 1 


De , 
operation 
f a general over 


The low cost of maintenance caused by the use of welding cannot 
over estimated and will be of increasing importance in the 
of commercial aircraft. A study of the relative costs o 
haul on wooden fuselages and welded steel fuselages show a differenc: 
of from 15 to 25 per cent in favor of the latter. An airplane structu: 


( 
i 


ea 


——— 











TA, etic 
‘Xi 


| /)\ Seen 





whether built of wood or metal, which is fastened together wit 
bolts, or other mechanical devices, will sooner or later loose: 
the joints and a complete overhaul is necessary, generally involv 
replacement of several parts. A welded structure is rigid and 
develop play in the joints. If it is damaged by a crash it ca 
paired at the damaged section and will have a strength equiva 
the original structure. The facilities for making repairs aré 
everywhere. Several methods of repair are shown in Fig. 
instructions issued for the repair of welded structures by the 
States Army Air Corps contain the following precautions: 

“No splices shall be made in structural members (longerons 
interplane struts, and landing struts) by butt welds subject 
tension or bending stresses, unless the joint is reinforced by 
pinning, telescoping, or other auxiliary means. 


“Welded joints shall not be cleaned up by filing, as suc! 
causes a loss of joint efficiency. Welded joints shall not 
with solder, brazing metal, or any other filler. The joining 
filling holes with fused welding wire in lieu of a rivet or bolt 
mitted. 
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“No welds shall be made over a failure in an electric weld. The cast 
d structure of the electric weld shall first be removed by chipping off 
before welding with the oxygen-acetylene torch. 

“The parts to be welded shall always be cleaned by sand-papering or 
'y wire-brushing. 

“In a telescope joint, the splice shall be made with a fish-mouth form 
r diagonal cut so that the wall of the tube will not be heated at a certain 
oss-section as in the case of a butt weld. Where practical, the fish- 








14 PORTABLE WELD , oO FoR EMBRGENCY Fietp REepa 


shape splice shall be used in preference to the diagonal shape 
it permits a better welded bond of the tubes. The length of 
a8 measured on the outside wall of the tube shall be not less 
diameter of the tube and preferably two diameters of the tube. 
of the prongs shall not be appreciably rounded or flattened. 


plicing shall be done as close to the strut point as possible, since 
r member is under greatest stress in the middle and the full 
in that portion of the tube should be retained. 


nement of the tubular structure during welding, due to con- 
ind expansion of the metal, can be prevented by using wood 
th notches in the ends to hold the tubes in place. Care shall 
ed to maintain the true alinement of the strut structure when 
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new tubes are used to replace the bent or damaged ones. This can be 


done by measuring the distance between strut points of corresponding ‘ 
members which are not distorted and by ‘eference to the drawings whe! 
available.” : 


The United States Army has developed a kit for emergency ust 
Fig. 14, which, together with a welder, can be carried in any two-plac: 


airplane and set up alongside an airplane in the field. 
Weld no j/um un Tanks 
The fuel tank, which is an essential accessory to the airplane, | 


been the subject of considerable experimentation and development. T 





tanks used ten years ago were generally made of tin plate, althoug! 


a few cases brass and copper had been tried. These tanks wer: 


TABLE I\ 


Weight in pounds per gallon of gasoline capacity as determined fo1 

cle gns ot ta } 
Welded aluminum ; beers i aah 10) 
Terne plate as wate : . 
ER I ee 84 


Monel metal 
Stainless iror 
Copper 





factory, in that they were durable and easy to repair. Th 
however, of a fuel tank made of these materials is a disadvant 
logical method of reducing the weight was to change to 

with a lower specific gravity Ninety-nine per cent alumi! 
and the strong aluminum alloys come in this class. A com| 
the weight per gallon of gasoline capacity, as shown in Tal 


dicates that the welded aluminum tank is only a little m 
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per cent of the weight of similar tanks made from the other commercia! 
sheet metals. The strong aluminum alloys should be heat-treated afte 
welding, which is a disadvantage and has retarded their use. Additional 
protection to resist corrosion is also necessary with a strong aluminum 
illoy tank. 

The methods of fabrication used in connection with coated steel and 
rass could not be used readily with aluminum inasmuch as no satis 

ctory aluminum solder has been developed which has strength and 





rrosion resistance and at the same time will wet a surface and flow 
\ ~ * B 

nto a joint. There was some difficulty experienced by aircraft 

es when welding with the oxy-acetylene torch was first applied 


of the inexperience of the welders in handling aluminum, but 
been overcome to a large extent, and the majority of tanks 


ght saving is a primary consideration, are made of welded 
nt sheet aluminum. The fittings on these tanks, instead of 


le of brass and bronze with a specific gravity greater than 
made of aluminum alloy castings with a specific grav 


ty of 
three. 
tanks range in capacity from 25 to 150 gal., although these 
ns represent the limits, for welded tanks with greater capacities 
constructed. The large, flat plate area of these tanks makes 
le to use a slightly heavier gage than would be used for brass 
steel. Tanks of 0.032 and 0.40 gage have been found to require 
ntenance in sizes of approximately 110 gal. than tanks of 0.051 
terial. 
al tanks of heavier gage (0.081), without baffles, have also 
iccessfully. Care must be taken that a corrugation, rosette, 
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or some other means of compensating for the expansion and contractio! 
of the aluminum during welding is incorporated in the design. Th: 
tanks shown in Fig. 15 illustrate methods which have been successfull 
employed. 
Welding Auxiliary Tank Connections 

The problem of fastening the auxiliary connections, such as fill 
neck, flanges for gage connections, dump valves, etc., has received speci 


attention. Fig. 16 illustrates a tank with which difficulty was exper 





ee 
SectionA 


P R 
a 





enced on account of the filler-neck breaking away at the weld 
of vibration. An examination of the joint indicated that cra 
been caused by unequal heating and cooling during the welding 
Attempts to reweld to stop the leaks were not successful, sin 
were no means adopted for taking care of the expansion and cont 
of the sheet. The character of the cracks is shown in Fig. 17. It 
noted that the welding of the casting distorted the sheet. These 
can be remedied by a circular corrugation in the sheet around th 
of the filler-neck casting and the top of the tank and by separat 
two castings a sufficient distance so that the welds will not interfe1 


The material which has been used for these castings has 
standard foundry alloy containing 8 per cent copper and ki 
S.A.E. No. 32. A more satisfactory alloy would be one whic! 
have less shrinkage and would flow more easily under the torcl 
the 5 per cent silicon-95 per cent aluminum, or the 4 per cent 
3 per cent silicon-93 per cent aluminum alloy. 


The welding rod generally used for welding tanks has be 
per cent pure aluminum. Recent experiments indicate, howe’ 
a rod containing 95 per cent aluminum and 5 per cent silicor 
for this purpose, especially for joining the castings and the s! 
The same flux is used with either type of rod. The 5 per ce! 
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aluminum rod produces a better weld than a commercially-pure alumi 
num rod, since its initial melting point is about 1070 deg. Fahr., « 
approximately 150 deg. below that of pure aluminum sheet. The silicon 
also has the advantage of solidifying over a range of temperatures and 
has a low solidification shrinkage which allows it to absorb the tempera 
ture strains set up in welding. 
tensile strength of joints made 


° 


There is very little difference 
with either type of rod, as tests made 
pure aluminum strips welded with both types broke at about 13,000 
per sq. in. outside of the weld in the annealed aluminun 


) 
il SUI 


foe S 
mn «tne 








M \ 

rrosion of the castings which form the accessories of the g: 
s also important, and in this particular the silicon-bearing alloys 
uly the 5 per cent 


silicon, are much superior to the 


ra Ss per cent 
r alloy. The machinability of the former, however, is not so good 
illoy mentioned above containing 4 per cent copper cent 
and 93 per cent aluminum is a good casting alloy which has 
lity and also welds satisfactorily 
States Army Air Corps Instructic 


ing instructions, which ] 


vhich have been prepared by the United 

\rmy Air Corps, govern the repair of aluminum welded tanks 

a: 

u—The welding of aluminum does not present any particular 
if the welder realizes that the } 


melting point of 
wer than that of steel : 


d manipulation. The me 
etylene torch. 

When it is desired to join the edges of sheets, t 

ld is used. The edges to be joined are bent 

it three times the thickness of the sheet. A 


ind, therefore, requires less heat and 
iting is most successfully done with 


ae 
ne tlange 


up an amount 


flux IS appile d 
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to both sides and the edges are then held together by small clamps a) 
tack-welded at intervals of about one inch by melting the metal together 
at these points, touching up if necessary with welding rod made fron 
a strip of the original sheet. The clamps are then removed and th 
weld is completed by melting down the flanges, holding the torch at 
angle of 45 deg. with the work and in line with the weld and progressi: 
at a uniform speed. Little or no metal is added from the welding rod 
A round and smooth bead should be formed, well rounded on both 
upper and lower surfaces 


+ 


“If there is considerable oxide or heavy film on the sheets, th: 
should be cleaned prior to flanging by immersion for 10 to 30 se 
in a hot solution of 10 per cent caustic soda or 10 per cent tri-sodi 
phosphate. The edges should then be rinsed in a dilute 10 per 
nitric acid solution, followed by hot water in order to remove all 
of flux, as this flux has a tendency to corrode the sheet. The imn 
sion should not be longer than necessary to clean the surfaces. |! 
aluminum sheet is fairly clean, a wire brush or steel wool can be 


in place of the cleaner. It is not always necessary to use a welding 
if the surfaces are clean, but if trouble is experienced, any g 
mercial flux may be used. The flux should be applied to the surt 


to be welded, and to the welding rod, with a brush. If th: 
slightly heated the flux will adhere and dry quickly. 

“In joining fittings or sheet metal parts to the side of sheet, 
fillet type of weld is required. After cleaning and applying 
in the usual manner, the parts are tack-welded together at 


by small applications of metal from the welding rod. Thi 
then made by melting in a filler rod, fusing well with both sid 
joint. In this type of weld special care is necessary to 


through the sheet. 


“Welds are very liable to pull out unless provision is n 
pansion of the metal during welding. This is generally don 
sions or corrugations in the sheet. 

“Cleaning after welding—All traces of flux must be removed 
after welding. Incomplete removal of the welding flux will 
rosion. The flux can be removed by a scrubbing brush and hot 
followed by rinsing in running water or by treatment wit 
solution of 10 per cent of either sulphuric or nitric acid 
rinsing in cold water.” 


The Welded Fuse lage Has Proved Jlts Worth 


There is a type of airplane structure in this country whi 
well be called standard. It has a welded steel tube fuselage, 
gear and tail skid. It has been developed in order to obtain n 
strength and rigidity with minimum weight and to use meth 
are applicable to small or large production at relatively low 
material, labor and overhead. 


The safety factor in welded construction has been amply den 
It has been used in the fastest racing planes and in the larges 


; 
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ind transports. Many an embryo 


the resilient, crashproof, military training airplane with its welded steel 


ibe body and undercarriag: There are few well-informed aeronautical 
ngineers and constructors at the present time who have not been cor 


pilot owes his escape from injury to 


need that welding is a safe and reliable method for joining steel. Thi 
rplane the next few years will be similar to the modern craft Pro 
tion costs will be decreased. The oxy-acetylene industry must assist 
airplane manufacturer in this respect in order to maintain the 
ent position of oxy-acetylene welding. 
elimination of wood in the wing structure will be accomplished 
number of designs within a comparatively short period. The 


tures will probably show a greater diversification in the 


selectio1 
terial and methods of manufacture than other parts of the ai 
but the application welding has a promising future The 


d and heat-treated wing beam is one adaptation which gave a high 
actor when tested in competition with wood and riveted aluminum 
beams. The combination of steel-tube wing beams and drift brac- 
1 aluminum alloy ribs, as shown in Fig. 18, illustrates the advan- 
to be gained in the use of the two metals in one structure 
ulti-spar, welded monoplane wing is an interesting development 
component parts are tubes and all the 
are made by oxy-acetylene welding. The 
rigidity and minimum deflection of the 


) 


tructure in which all of the 


advantages are tor 
large, internally-braced 


vers. These examples are additional of the acceptance by engi 
f the wide applicability of torch welding to structures which ar 


with high unit working sti 


iv stresses, 


r ining and Management of Welding Operators 
for Pressure Piping, Tanks and Vessels * 


H. H. Mosst 





| posed to show that specifications for and management of weld 
construction is no different 


n than that required for othe 


‘onstruction. 


ase, proper plans and specifications are essential to a satis- 
sult. In their development, the executive concerns himself 
he translation of the requirements for the job, he seldom 
it the details employed in their production. Such matters 


ly left to the judgment of those responsible for their pro 
'hrough competent inspection, he is assured that his requir 
fulfilled. 


se of welding, the sam: 


steps are applicable and will produce 
results if the requirements upon the welding organization 
Metr Se AWS. and ASME 


Air Products (Cs 
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have been properly determined for the service to which the welded part 
will be subjected. 


To make these determinations, the average executive feels that 
or his engineering staff should have considerable practical welding ex 
perience, and many attempt to keep informed on the actual production 
welding, its technique and its many special characteristics. 

The average man, however, does not have the time nor opportunity 


do this. It require ~ careful 


onsideration of the many factors involv 
in Welding Procedure Control and this is no simple matter. I 
first place, should he undertake a ' 
he cannot proceed very far before he finds that in many instances diffe: 
ent authorities on welding offer different solutions for welded const: 
tion of the same class. Also he is confronted with the problem of 
termining which of several welding processes he should employ) 
provide the best results. all } 


being logically defended by their spon 


proper study of construction weld 


ul 





The result is often that he either refers his welding problems t 
or more authorities on welding in the field in which he is working 
as frequently happens, defers the use of welding until he has tin 
the proper study and determinatio 
‘onstruction procedures. 


n of suitable welding designs 


Calling in consultants until such time as his own organizatio 
attained proper knowledge of welding is certainly to be recommended 


mechanical engineers who are consultants should fit themselves to 
properly in this regard. Unfortunately there are many cases where ws 
ing is not considered because of the 


inability of an executive to 
his personal attention and the 


many advantages of the welded joint 
as its higher strength, its possibilities for weight economy, lov 
| 


lowe 
cost, lower maintenance cost, etc., are not realized. If weldin 


{ 
Li*k 


understood as a construction method its outstanding advantages 
ing alterations and repairs are probably not utilized either. 


Today we cannot question the ability of welded construction 
requirements that operating service demands, particularly wher 
carbon steels are used. 


There are countless precedents that p 
the suitability of 


velding for pressure vessel, piping and structura 
both based on jobs done and on major research work. 
of welding in the gas and 
joints has resulted it 


tion, show to other 


The appli 
oil industry, where the need for strons 
a study of welding and use in almost ev 

industries what they may accomplish. 

The question is, and one which logically suggests itself, “Whi 
ard and simple means are there available to engineers by th: 
which they can be sure of obtaining satisfactory welding for 
struction, similarly as they do with other methods of fabri 
Before going into the solution, let 


us consider for a mon 
recourse of executives with regard 


to the determination 

of other parts of their construction than welding to meet cert ra 
ing requirements and see if we cannot deal with the welded im 
similar manner. <A welded joint is 


other joint or 


a part of our construct 
assembly of material is a part of it, 
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For illustration, take the mater of Valve, Flange and Fitting Materials 
x high temperature service. Your specification will in most 
roperly refer to A.S.M.E. Boiler Code 


aterials. 


cases 
Specifications covering these 
These code specifications will state that the castings shall 
nform to a certain chemical composition and the manufacturer 

















s called 
n to specify the limits of chemistry which they will accept as a basis 
rejection. A Ladle analysis and check analysis is demanded 
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Certain physical requirements are set up and many other detail check 
are provided to insure serviceable material. Heat treatment is proper) 
covered. Any castings which do not conform to these specifications 
which show injurious defects are promptly rejected by your inspecto: 
Bolts and nuts’are given similar consideration. The same is true { 


materials for piping and pressure vessels. 


In a piping specification, for instance, we require conformity of mat 
rials to definite specifications for the following factors: 


Process of manufacture 
Chemical composition 
Tension tests 
Hydrostatic tests 
Flattening tests 

Bend tests 

Test specimens 
Number of tests 
Retest 

Standard weights 
Permissible variations 
Lengths 
Workmanship 

Ends 

Finish 





All in all, a rather stringent specification. 

Again, in the matter of flanged joints for piping, we generally ex 
in our specification just how they shall be made up by the fitte) 
manufacturers and frequently make trade references to emphasiz 
quality of the product intended. 

If dealing with special materials or alloys whose specificatio: 
not reduced to standards, we are careful to specify in detail the 
ties and methods of evaluating their properties in order to insu) 
quacy to the service in which they will be utilized. 

For all of these specifications there is a co-factor, namely, 
which provides for the proper application of the materials. Ins} 
is introduced and upon this we depend for the carrying out of th: 
and specifications. 


The solution of a problem where welding is contemplated can 
in the same manner. It requires consideration of the factors th 
up welding procedure control, wherein is contained the factor th: 
with production of the weld, or, as we are more or less prone 
it, the “human element” in welding. If you look upon this pr’ 
the same manner in which we regard it for other methods of 
tion, it can be simplified. 

First, let us draft a key or list of the essential factors t 
with. There are: 

A. Materials for welding. 
B. Design for welding. 
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C. Qualification of welders. 
D. Final testing. 


One very important step in procedure control is omitted in this list, 
amely, shop practices, because it is generally difficult to specify such 
ings as methods of clamping parts together, spacing to be allowed, 
In a shop where the personnel is experienced, as is demonstrated 
having done satisfactory work, these practices have been taken of. 


, 


Under the heading of “Materials for welding’ 
nsider—the base metal and the welding rod. 


we have two materials tc 


Both may be specified, as for other types of fabrication, by 
1. Chemical analysis. 
2. Physical test for strength. 
3. Physical test for ductility. 
1. Process of manufacture, etc. 
d the rods may have additional tests for weldability and for strength 
posited metal. 


simplify matters, quality of base metal can be called for to comply 
suitable A.S.M.E. specifications or American Standards. Rod 
ications can be called for in suitable standards that have beer 


. ] 
pea, 


juently a selection must be made from several types of base 
and several types of rod. The needs are the controlling factors, 
that it should be remembered that the highest quality is usually 
t in the long run. But this is not different in principle than for 
construction or flanged pipe installations where the type of mate- 
ist be specified. y 


gn for welding, which will result in the joint being made at the 
litable place and of the most suitable type, should be handled 
trustworthy engineer or draftsman who is familiar with welding 
ements. This is really much simpler than for other types of con- 
n. A little aid may be useful on the first job or two but such 
be readily obtained today by the executive who desires to use 


much less difficult to select between the butt weld type made 
) sides, a single Vee butt weld, a double fillet weld or a single 
l, than it is to select and lay out the correct riveted design 
such extremes as quadruple double butt and single lap riveted 


rds of strength for the several types of welds with different 
aterials may be obtained from the welding industry in a few 
minutes time and then what is called for is welding perform- 
he welding organization in actual construction. It is relatively 
‘tain welds that will consistently average above the minimum 
f flanged quality steel and thus develop in the joint the full 
f the material. 








1¢ very important heading “Qualifications of Welders” we find 
to fabrication specifications. No specifications call for tests 
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of the strength of riveting but there are distinct variations in qualit 
of riveting with regard to such things as punching or drilling hok 
alignment, reaming and the use of full sized rivets. In other words 
workmanship is a distinct factor. The inspection for workmanship and ; 
the final test are expected to take care of these matters. 


Now in welding, to be reasonably sure of performance, each executi 
specifying welding should require a qualification test of each weld 
who will be allowed to work on the job. A certified test on similar mate 
rial made within a specified time should be employed, but a good 
on say 3/16 in. material would not qualify a welder for work on 
thick plate, let alone °4 in. 

As an illustration of a suitable qualification test the following 


from an actual case applying to gas welding construction for 400 





pressure super-heated steam piping system, maximum tempe1 3 
deg. : 
(renera 

1. Only competent gas welders, having experience in weld) 
piping of the sizes involved herein shall be employed 
welding of the piping covered by these specifications. 

2. Any welder employed for this work shall be required 
following qualification tests before starting work of we 
any of the piping to be welded under this specificatiot 

5. The contractor shall at all times during the irse 
tion maintain on file for the inspection of the beginne 
autnorized repre sentative, a record of the welders en 
this work, together with a copy of report of the result 
welder’s qualification test as required nereln 

!. The qualification of welders shall be arranged 
tractor withi days after the formal award of I 
shall be done in the presence of engineer or his authorize 
sentative. Th may be done in the contractor’s shoy 
premises of the worl rhe ntractor shall notify the 

days in advance of the date set for the qualification 

5. The material for these tests shall conform t the mat 
fications herein for pipir nd welding rod 

l Pp if Te 

Thi est re é he welding the joint in one pipé¢ 
made up of 6 or 8 in. extra neavy pip taining two 
position butt welds approximately 8 in. apart, one of th 
welded with the bomb lying horizontally, the other to be weld 


bomb erection vertically. The bomb shall not be rotated duri 


The preparation of the joint shall coincide with the welded 
as snown on engineer’s drawing See Fig. 1.) Weld reinifor 
be 1, in. gradually tapered where it approaches the base m«¢ 
tration shall be to the inside wall of the pipe. The ends of t! 

to be closed in a suitable manner to withstand the test 
which it shall be subjected. At completion of welding and 


bomb has ooled t room temperature, the bomb shall he 








TRAINING AND MANAGEMENT OF WELDERS 61 


hydrostatic test of 600 lb. per sq. in., or 142 times working pressure, 
fter all air has been expelled therefrom. While under this pressure th: 
velds shall be struck with a 4-lb. sledge at four equidistant points, the 

ws being struck with a full arm swing. Under these conditions thi 
velds shall not leak or develop any visible imperfections. 


le Test 


This test requires the position welding of a Joint between two pieces 
8 in. extra heavy pipe, 9 in. long, to form a single piece of 8 in. dia 
8 in. long, as shown in Fig. 2. The joint edge and reinforcement and 
netration shall be specified similarly to that for the Leak Proof Speci- 


11 


m above. The pipe shall not be rotated during the welding opera 


n completion of welding and the ling of pieces to ! m tempera 
tandard tensile test ipons shall be taken therefrom, one from th 
of the joint, one from the top of the joint and one from each sid 


joint, four in all, and be tested by a recognized testing laboratory 
ire, at a testing speed not to exceed “g in. per minute within the 


nt. All weld reinforcement shall be removed by machining l 


Under this test the coupons shall break outside of the weld 
wise, develop an average tensile strength of not less than 52,000 
: th a minimum tensile strength of not under 50,000 lb 
The ross-sectio1 irfaces f the coupons at the veld sha 

lete fusion and penetration to the bottom of the Vee 

T, 

his test is required, 1 dditional coupons 2 in. wide 18 in 
taken from the tens test specimens between the quarter points 
requires that the coupons be clamped in a vice with the edg: 
eld in line with the t if the vice jaws, in which position the 


ection of the coupon shall be gradually rotated in either dire 


the section is bent through an angle of not less than 90 deg 
} 





test the weld shal t deveion anv visibl surface i ks oO! 
ve lalification tests consider only the butt type weld. F 
adequacy is determined similarly. It is necessary, 
nere fillet welds re eda 1 provide a test specifi ition that 
t pe f weld A lay ] bell and spigot joint is called for 
mpleti nm ot veldi ross-Se ions ot tne fillet ire nspecte 
nd penetration See Fig. 3 The strength of fillet weld 


raily determined by testing a butt weld made by the same 
ver, a tensile specimen having fillet welds can be easil: 


A 


nt 


eresting recent test results.of both the butt and fillet 
ing are reported in the American Gas Association 1928 
Sub-Committee on Pipe Joints covering pipe sizes from 4 in. 
IS] Vé From thes data suitable spec ification design data 
tained. 


ongiti hay ‘ ] . itis 
mMaitions than tl voverning the above specinca ns tne 


Can he readily moa fied. A leak proof Test for the low 


acuum service piping can be made on much smaller diamete 
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piping, thereby reducing the cost of qualification of this class of piping. 
The tension test requirements are generally not made as stringent, car: 
being exercised only to see that a sufficient strength is demanded t 
eliminate the unskilled operator. 

Training 


When a welder fails to pass a good test it frequently means that h. 
is not well advised as to correct penetration and the correct amount 
heat to use. A very short period of instruction under a competent ma: 
will generally be ample. But qualification tests have proved to be th: 
best trainers of welders because the results put it up to the men. 


By the use of exacting qualification tests the burden of training 
placed on the welding operator himself. In plants or in organizat 
where considerable welding is done mechanics and men of other mecha 
ical trades, as well as helpers who take an interest in welding, are oft 
permitted, after they become fairly proficient by practice and elementa: 
instruction, to do the less important work. These men, if they show 
sufficient proficiency to indicate an adaptability to welding, are frequent 
coached until it is possible for them to pass the required qualificat 
tests for production weld'ng. No such man should be permitted to wor 
on specification welding until he is able to pass the qualification test 
demanded, however, and it is an important matter for the inspect 
see that this provision is rigidly enforced. 


Final Testing 


One of the most important points for the management is the fina 
If inspectors have seen that the various steps called for in good spe 
tions have been followed, then the final test should insure that the 
going to give satisfaction. The type of test that will be a p * 
should be given very thorough study. ‘ 





Upon completion of any welded vessel or piping it is customary) 
hydrostatically to three times the working pressure for weld str 
Subsequent air tests at reduced pressures can be made if desiré 
piping systems 1!» times the working pressure is frequently 
sufficient and quite often in steam lines the safety valve blow-off 
is taken. Headers and specials are generally tested to three time 
pressure. 


For inspection of welding, if the organization does not have 
inspection staff, there are several commercial testing laborator 
fitted to render this service. Furthermore, several of the lars 
ratories of companies interested in the promotion of welding 
aid in training employees of purchasers of equipment so as 
satisfactory shop inspection. 

To sum up the situation under procedure control, the | 
executive can have welding specifications drawn up so as t 
step in welded construction and place the responsibilit) 
where it belongs should the final test not be met. 


This is exactly what he does with other methods of fabricat 
he calls for certain results to be proved by test. He doesn’t w 
correct practices because he provides inspection to see that sp 
are carried out. 








Welding of Frogs by the Havana Electric 
Railway Co. 
C. ARNOLDSON?# 


de frogs in the following photographs have been made in the 
welding department of the ways department under my super- 
sion and direction. 


Photograph No. 1 is a double frog all arc-welded made up into one 
id piece of steel without the use of bolts, rivets or fish-plates, using 
in. ordinary steel plate to tie 108 lbs. Lorain (high guard) girder 

one rail is curved, (note good curvature,) and the other two are 
1ight. This double frog is to replace a worn-out factory made frog 
the Ironbound Guarantee Insert type. We also make these frogs 

new work. This home-made frog costs including labour and mater- 
| $89 while the same from the factory costs about $450. 


hotograph No. 2 shows side details of welding in frog of photograph 
Photograph No. 3 shows a single frog home-made all arc-welded 
vertical side plates %%-in. thick to imitate the center casting of 
tory-made frog. This frog was specially made to demonstrate 
we could make a frog by welding not only as strong as a factory- 
me but also to look like it in every respect, even in the casting. 
st was $50 while the cost of the factory-made one would be about 


hotograph No. 4 there is in front a close-up view of the center 
the frog of photograph No. 3. In back you can see a side view 
home frogs we usually make without the vertical side plates 
imitate the casting; these cost from $42 to $45—you see still 
r than the one in No. 3; as the vertical side plates are only for 
nd do not greatly strengthen the frog, the extra cost is not war- 
and we omit them. 


otograph No. 5 you can see clearer the side appearence of our 
frogs without the vertical side plates, and in back you can see 
{ photograph No. 3 imitating the casting of the factory-madé 


tograph No. 6 you see on the extreme left of the picture a 
ade frog costing about $250. This is of the Ironbound Guaran 
type. In the center of the picture you see our home-made frog 
raph No. 3 imitating the factory-made one even as to casting, 
g $50, and finally on the right of the picture you see one of 
home-made frogs ranging in price from $42 to $45 depend- 
ther it is single or double curved; so you can see t 
er and what a saving they effect. 


hese are 


f Ways, Havana Electric Railway Co 
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7 





We make a frog in about three days, while it takes about three to 
four months to order same from the States, so we do not have to worry 


about our factory-made frogs breaking down under traffic, due to the 


asting (cast-iron) failing or the hard center insert breaking beyond 
epair, because in about three days we have a home-made one in its 


place. Our home-made frogs cannot fail, they can wear down unde) 
traffic and we weld them to the proper shape repairing the flange- 


ways and points with high-carbon or manganese welding wire depend 
ng on the traffic conditions; this we have to do also to the insert plate 
f the factory made frogs. 


Factory-made frogs fail under traffic at the casting. Photograph No. 7 
ws a typical break. Sometimes when new if they are accidentally 
pped due to careless handling, they break or when in the track onl) 
short time due to a flaw in the casting. In our home-made frogs 
have eliminated the weak point which is cast iron. Sometimes 
e hard center insert becomes loose and breaks, or due to repeated 
airs by electric welding the crystalline structure of the material 
hanged and weakened and the plate breaks badly, and if the rest 
the frog is badly worn it does not pay to put in a new insert plate. 
Our frogs are one solid piece of steel after welding the different parts to- 
ther with mild steel wire. For the wearing portions on the center of 
rog we use high-carbon or manganese welding wire. In photograph 
* you see the center top part of a home-made frog before grinding, 
in photograph No. 9 you see it after grinding, photograph No. 10 
the center top detail of the frog of picture No. 3. We reinforce 
ogs with plates in every direction possible. 


ise the oxy-acetylene torch to cut the plates and rails so as to fit 
nto one another. We never cut any of the rails clear through, but 
enough of each so as to frame into one another. Straight rails 
it at the top, leaving the flange and a part of the web continuous, 
the curved rails are cut at the bottom flange, leaving the top, 
ball and part of the web continuous. In photographs Nos. 11 to 
lusive you can see how the cuts and framing are made. 
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Development in Pipe Line Girth Welding. L. T. Jones. Oil Field 
ng (Dec. 1, 1928), Vol. 4, pp. 38-40. Large diameter pipe. 
f Electric Are Welding Developments During 1928. L. S. Thurs 
Welding Engineer (January, 1929), Vol. 14, No. 1, pp. 41-43. 
ne Flare-Lighting for Southern Railway Track. The Welding Journal! 
1928), Vol. 25, No. 303, pp. 366-367. 
Ben led Storage Tanks. The Iron Age (Jan. 24, 1929), Vol. 123, No. 4, p. 
rary cleats and dogs used to force snug fit between mill-run plates 
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Welding as Applied to Pressure Construction. Vernon Jay 
(a Stoody Publication, Whittier, Cal.), Vol. 11, No. 3. pp. 25-26 


+ 
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Aluminum Welding of Motor Cases Without Preheating. W. C. Granne 
man. Fusion Facts (a Stoody Publication, Whittier, Cal.), Vol. 11, No. 
pp. 23-24. 

Carburizing and Oxidizing Oxy-Acetylene Flames. F. E. Rogers. The 
tralian Automobile Trade Journal (Dec. 27, 1928), Vol. 17, No. 2, p. 10. 

Carburizing and Oxidizing Oxy-Acetylene Flames. F. E. Rogers. Mechan 
cal and Welding Engineer (Dec. 20, 1928), Vol. 11, No. 12, pp. 298 and 317. 

Chromium Plate, Merits and Limitations of. C. Campbell. Canad. Foundry 
man (October, 1928), 19, 27, 33. 

Cutting Machinery Costs in Half. F. S. Horner. The Welding Engine: 
(January, 1929), Vol. 14, No. 1, pp. 35-36. An example of redesign—A n 
chine formerly made of castings is now practically a fabricated steel 
throughout. 

Cutting Manganese Bronze Under Water. L. F. Hagglund. The Welk 
Engineer (January, 1929), Vol. 14, No. 1, pp. 33-34. 

Designs for Structural Welding. J. Kjekstad. The Australian Welding | 
gineer (Dec. 20, 1928), Vol. 11, No. 12, pp. 314-317. Proper consideratior 
combination of stresses is fundamental in developing procedure for welding 
Important structures. 

Design of Small Welded ey oe Norman H. Mayhew. The Welding 
gineer (January, 1929), Vol. No. 1, pp. 45-46. A method of making ad: 
ings for welded structures which furnishes the welder with all the neces 
specific information. 

Effect of Molten Bronze on Steel. Ira T. Hook. Acetylene Journal! 
uary, 1929), Vol. 30, No. 7, pp. 277-280. The existence of tensile stress: 
the order of 2500 lb. per sq. in. or over will allow molten bronze to pen 
steel, and frac tures are likely to occur. Importance of stress on contact 
face. 

Electric Welding. General Electric Review (January, 1929), Vol 
pp. 34-35. 

Electric Welding in Refrigeration Plants. The Welding Journal (Ds 
1928), Vol. 25, No. 303, pp. 368-370. Massive condenser fittings. The 
condenser. Welded traps. 

Gas Welding Light Gauge Sheets. H. J. Grow. The Welding Enginee: 
uary, 1929), Vol. 14, No. 1, pp. 37-41. Methods of heat control—Us« 
and chills—Mechanical welding devices—Various types of joints welded 

Leak-Proof Pipe Lines by Are Welding. Fusion Facts (a Stoody P 
tion, Whittier, Cal.), Vol. 11, No. 3, p. 32. 

Magnetic Inspection and Tests for Welds. Welding Journal (Nov 
1928), Vol. 25, pp. 330-2. All kinds of welds. 

Metal Are Welding. H. Dustin. The Welding Journal (December 
Vol. 25, No. 303, pp. 362-365. 1. Scope. 2. Nature of the wires and t 
deposited therefrom. 3. Slag inclusions and porosity. 4. Microstructuré 
weld. 

Metallic Electrodes for Cast-Iron Are Welding. Schun-Ichi Satoh, 1 
Japan. Mining and Metallurgy (January, 1929), Vol. 10, No. 265, p. 51 

Our Products in Transportation. H. A. Thompson. Acetylene Journa 
uary, 1929), Vol. 30, No. 7, pp. 295-296. Remarkable record of calcium « 
dissolved acetylene and oxygen in transportation and storage. 

Oval Welded Poles for High-Tension Lines. Engineering News-Rec: 
24, 1929), Vol. 102, No. 4, p. 151. 

gg oy Cutting of Structural Steel. S. W. Miller. Acetylene 
(January, 1929), Vol. 30, No. 7, pp. 281-286. Cuts in important places 
be made as smooth as possible—No detrimental effect in steel 
Sheared surfaces more subject to cracking than 2 Sag cut surfaces 

Oxy-Acetylene Tips (November, 1928), Vol. 7, No. 4. Why Not F 
Over? How’s This for a Welded Header? Step by Sip to Perfect 
duction Doubled in Two Weeks. From Repair to Production. In th 
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tine District. Hints on Heavy Cutting. In Spite of Heat and Cold. To Keep 
the Coke Oven Charged. The Right Welding Rod. High-Pressure Coil Ox 
weld. Ready for the Night Shift. 
Present Status of Structural Steel Welding. F. T. Llewellyn. Blast Fur. & 
Steel Pl. (December, 1928), Vol. 16, pp. 1583-6, 1613. 
Recent Developments in Brass Welding Rods. Railway Journal (January, 
129), Vol. 35, No. 1, pp. 33-34. 
Removal of Thermit Weld Risers. American Electric Railway 
January, 1929), Vol. 20, No. 1, pp. 62-63. 
Service in the Modern Hotel. E. D. Benton. Acetylene Journal (January, 
129), Vol. 30, No. 7, pp. 290-294. The oxy-acetylene welding and cutting 
rch plays a most important part in providing hospitality to the traveler of 
dern times. 


wat 
Association 


Some Modern Developments in Are Welding. Marine Engineer (November, 
28), Vol. 51, p. 431. Ship construction. 
Steel Frame of Commercial Building. Mechanical and Welding Enginee: 
20, 1928), Vol. 11, No. 12, pp. 291-292. Upper Carnegie 
veland designed for arc-welded steel construction. 
strengthening of Echuca Bridge by Electric Welding. Wilfrid Dinsey Chap- 
Mechanical and Welding Engineer (Dec. 20, 1928), Vol. 11, No. 12, pp. 
}. 1. Description of bridge. 2. Reasons for strengthening. 3. Clear- 
1. Grades. 5. Traffic. 6. Method of strengthening. 7. Tests of welding 
rought iron. 8. Inspection of structures. 9. Basis for design. 10. Pre- 
ary design, estimates and capitalized cost of different schemes. 11. De- 
f work carried out. Stringers. Cross girders. River spans. Web splices. 
tion cross girders. 12. Field work. 13. Supervision. 14. Testing 15. 
ng roadway. 


Building in 


plement to “Are Welding—The New Age in Iron and Steel.” The Lin- 
lectric Company have recently published a supplement to their 160 page 
ok, “Are Welding—The New Age in Iron and Steel.” This 32 page book 
tled “How to Begin the Application of Are Welding in Production Man 
ng.” 
ng the “Average” Weld. J. G. Dent. The Welding Engineer (January, 
Vol. 14, No. 1, pp. 50-52. Joints made by oxy-acetylene welders in small 
th shops prove stronger than bolted and riveted connections 
ng Aluminum Tanks for Airplanes. J. F. Hardecker. The Welding 
er (January, 1929), Vol. 14, No. 1, pp, 31-33. Materials—Welding 
Heat Source—Stiffening—Bulkheads—Baffles—Supports—Annealing 
of Welds—Cleaning after Welding. 
ng Costs for the Heating Contractor. J. H. Zink. Heat. & Vent. Mag 
ver, 1928), Vol. 25, pp. 67-70. 
ng Facts and Figures—32. The Welding Journal (December, 1928), 
No. 303, pp. 358-360. Handbook for welding engineers 
ng, Present Status of Structural Steel. F. T. Llewellyn Blast Fur. & 
(November, 1928), 16, 1430-2. 
\re the Limits to the Use of Electric Welding. A. Ramsay Moon. 
11 and Welding Engineer (Dec. 20, 1928), Vol. 11, No. 12, pp. 289-290. 
W nd Rod Requirements in Gas Welding. Wire and Wire Products 
1929), Vol. 4, No. 1, pp. 20 and 29. Standard sizes and lengths of 


tals are now recommended for the oxy-acetylene process 





JOURNAL OF THE A. W. 5S [Februar 





Since 1911, Meco Oxy-Acetylene continues 
to improve and show greater efficiency. Exelu- 
sive features invariably mean standardizing on 
Meco after the first trial. 


Multi-Seat Regulators deserve your immediat 





investigation. Write now 


MODERN ENGINEERING COMPANY 
3411-13 Pine Blwd. St. Louis. Mo. 








YOU CAN DO IT BETTER WITH TORCHWELD~ 


if = Torchweld patented safety fea 
é tures are positive and protect your 
operators. 
Torchweld Equipment cuts labor 
ST Ta and gas costs, also upkeep expense 
C4 ~ Ay 


This same safety and dependabl 


Write for Catalog No. 28 service are available to you. 


TORCHWELD EQUIPMENT COMPANY 
224 N. Carpenter St. Chicago, Illinois 








If You Want to Know Why 


| 9EGD) 
OXY-ACETYLENE EQUIPMENT 


Gives more satisfactory service. Operates 
with a lower gas cost. Costs less to maintain 
than any other equipment~ 


Write for Booklet - “FACTS” 
THE BASTIAN-BLESSING CO. 


252 E. Ontario St. “te Chicago 











Vision Protecton With 

ESSENTIALITE 

Ove proof welding glass : 
Made from a special glass that 
FILTERS the GLARE, producing OGGLE 
a softer and more comfortable 
vision 
ESSENTIALITE LENSES ARE 
SCIENTIFICALLY CORRECT, for 
Electric Welding there are none 
better—they positively ald in con- 
serving the eyesight of those who 
are subjected to welding glare 

Manufactured by 
CHICAGO EYE SHIELD 
COMPANY 

2300 Warren Ave. Chicago, III. 
We make a full line for the face 
and head protection of the Welder 

Hand Shields, Helmet 

Sand Blast Helmets 

Goggles and Glass 








